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1 
The present invention .relates to circuit ar- 
rangements employed for indicating the value of 
eiectrical components such as condensers and 
resistances. 
The object of -the invention .is te provide a cir- 5 
cui arrangement -for this purpse which is sim- 
ple to opm'ate .and hich can aç t.he saine time 
provide an accurate resut. 
ït is known fo measure a short time interval 
by employing a resistance/condenser combina- 10 
tion arranged sö at -the condenser discharges 
thröugh the reslstnce, The time interval . 
g.iven by 
i=C ]og  15 
whme E0 .is .the wltage acoss .the condenser ai 
çe beginning oî e interal and Et s the volt- 
age ncoss .the condenser at he end of £he 
terM. Frcm çhis equation it i11 be seen that if 
E 
n! either C m" Ris fixed, the uution .bec,mes 
CK 25 
or 
thus the value or h oondnser r resne  
direoçly rooriont .o he m aken for 
voltage aross he ondenser in a resisanoe/eon- 
4enser oom.binion o change rrom one redefer- 
mined value fo anoher. he :invention 
use of his relaionshi o give an indioion of 
çhe value of a oondenser,or  res.isano. 
Aoordng herefore  one reure er .e :in- 
tension, in  oirui arrngemen for indioing 
çhe values of resanos or ;oondensers mans 
provided for chrging and ,oEscharging he con- 
dnser  a :sisano/onnenser oombinaon 
whioh inludes the oomonen o be esed nd 40 
çhe ime aen Ior  lae oross he con- 
denser ço change from ne predermed lue 
o anoher is omred vih a leas one 
rate img devio and .an dioaion !s gi;en as 
he resul of suo omarison. 45 
Aeeording o noher Ieaur of h 
i a iroiç rrn¢emen rot indioaing he 
values of reaisanoes or oondenses he oondeer 
in  resisçanee/eondnser. omiion whio in- 
o!udes he omDonen 'o be esed is :iniiatly 
chargea nd a diahm'ge oroù is çmleed 
 çiming devio is se  .oe,aton  ,he eg- 
nin of he .test, he .ing dev.ie being rranged 
o dçmmie he ime aen or 4he vol.ge 
he oondenser  deorease rrom ifs initial value 
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to a pedetermined value and thus provide a 
measure of the value of the component. 
According to a further fCature of the inven- 
tion, fl a circui.t arrangement for indicating 
whether the val.ue of a resistance or a condenser 
is betwee n ,two limiting va.l!es means are pro- 
vided -for changing a-nd discharging the con- 
denser in a resistance/condenser combination 
which includes the comPonent to be tested and 
the .rime taken for the voltage across the con- 
de,ser to cha-nge from one predetermined value 
to another predetermined value is compared with 
two tire e interva-ls cörresponding to the two lim- 
iting values of the component, an indication 
being .gven .whether .the discharge time has a 
value .between the two comparison ime intervals. 
In one embodiment of the ,invention as applied 
to the measurement .of the value of a component, 
the timing device consists of an electrcal count- 
.ing circuit to which accurately spaced pulses are 
fed for the duration of the time interval. Pref- 
erably a gare .circuit is employed, the lnitiation 
of the discharge serving to open the gate and 
enable .impulses from an accurate impulse source 
o pass to-a counting circuit, w-hile when the volt- 
age across the condenser reaches the predeter- 
mined value the gare is closed. By suitably 
choosing the values of the constants k and 
he indication .on çthe counting circuit can be 
calibrated directly in capacitance .or resistance 
anits. 
tn another ,embodiment of the invention for 
determining v¢hether .the value of .the compo- 
nent lies :between .two limiting values, the gate 
.circuit is opened and closed at times during the 
discharge period .which .cgrresponds to .the limit- 
ing values..Only :if .the .comportent under test 
,has ,a value ,between the limiting .values wi!l an 
.impulse pass £hrough the gate fo contol an in- 
dicator such .as, ior instance, a neon tube. 
-In a :further embodiment of the inention for 
the saine p.urpoe, the discharge .rime :interval is 
,compared with tWo known rime intery!s by t!e 
use f t-hree ,relaxtiQn c:ircits. TWO f .the cir- 
cuits  include coPonent o knòwn -»:aiue 
më"thi,dicl:uçies the cmpo, nent 14ndr e..t. By 
suitably connecting the outputs of the relaxation 
cimuits to an indicator complising a plurality.of 
neon tubes, the tubes can be.arranged to i]dicate 
.net only whether :¢he component _value is vithin 
the .desied .limits .but Iso if it is net whether 
the value ,is below.or above said limits. 
It ïreq.uently hppens hat repetibive measure- 
ments hve to be made òn a componen. Noï- 
mally each measurement is initiated by a key or 
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3 
like operation. Such repetitive key operation be- 
cornes tedions and it is a further object of the 
invention to provide circuit arrangements which 
avoid this necessity. 
According to this ïeature of the invention a 
pair of electromagnetic relays are provided and 
arranged for automatic sequential operation, one 
of the relays serving to reset the counting circuit 
while the other initiates a measuring cycle. 
The invention will be better understood ïrom 
the following description of a number of embodi- 
ments taken in conjunction with the accompany- 
ing dravings and comprising Figs. 1 fo 6. In the 
drawings, 
Fig. 1 shows a block schematic oï an arrange- 
ment ïor measuring the value of a condenser or 
a resistance whfle 
Fig. 2 shows the detailed circuit. 
Fig. 3 shows a block schematic of an arrange- 
ment ïor indicating whether the value of a con- 
denser or a resistance approximates within pre- 
determhed limits to a nominal value whfle 
Fig. 4 shows the detailed circuit. 
Fig. 5 shows an alternate arrangement fo that 
oï Fig. 3 and in addition is so arranged that if 
the comportent value is outside the predeter- 
mined limits, an indication is given whether the 
value is above or below such limits while 
Fig. 6 shows the detailed circuit. 
leferring now fo Fig. i, the arrangement con]- 
pïises a gare circuit G to which accurately timed 
impulses ïrom the impuise souïce are applied. 
The output oï the gare circuit is applied to a 
counting circuit of any known type, preïerably a 
decade courtier owing to the ease of indication. 
The gating action oï the gare circuit is controlled 
by a circuit SS of the type known as a fiip-fiop 
or single-shot multivibrator. The circuit SS has 
a test position and in response to a start cir- 
cuit is triggered to an unstable condition ïrom 
which if reverts to the rest condition after a rime 
depending upon the rime constant of a resis- 
tor/condenser combination, the combination 
c!uding the component whose value is required. 
The transposition oï the circuit SS from the 
normal fo the unstable condition causes the gare 
G fo be opened so that the impulses ïrom the 
impulse source pass to the counting circuit. At 
the instant that the circuit SS reverts toits nor- 
mal condition, the gare is closed and the number 
oï impulses registered on the counting circuit will 
give an indication of the value of the component. 
Since the relation between resistance and rime 
or capacitance and rime is substantially linear, 
the counting circuit may be calibrated directed 
in resistance and/or capacitance values. 
Reïerring now to the detailed circuit diagram 
shown in Fig. 2, it should be explained that the 
reïerences such as A, GI and C shown in Fig. 1 
correspond to the anode of the valve Ve, the grid 
of the valve VI and the signal input to the gare 
valve V4 as shown in Fig. 2. A similar method 
oï notation is nsed in the remaining figures. In 
Fig. 2 the circuit SS comprises a pair of back- 
coupled thermionic valves VI and Ve having their 
cathodes both connected to earth and the anode 
oï one being back-coupled to thegrid of the other. 
Thus the anode of VI is connected via the con- 
denser C and resistor i3 in series to the grid 
of the valve Ve wlle the anode of Ve is connected 
via the condenser Ce and resistance i5 is parallel 
to the grid oï V. Anode load resistances i and 
I are provided and resistance i together with 
R4 and I5 forma potentiometer across the sup- 
ply voltage ïor providing a steady bias to the grid 
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of VI. The grid of V is maintained af earth 
potential by the diode V3 provided for stabiliza- 
tion purposes and resistance 1 is also connected 
to the positive terminal of the supply voltage. 
5 The normal condition of the circuit SS is with 
V conducting since the grid of V is af substan- 
tially earth potential and so is the cathode. 
Since V is conducting, the potential at its anode 
A is well below the supply voltage and hence 
]0 the potential applied by means of 1, and le fo 
the control grid of the gare valve V is negative 
with respect to the cathode of that valve and 
hence the impuises applied from the impulse 
source via Cs to the inner control grid will not 
]5 appear in the anode circuit. The inner control 
grid of V is normally biased to a negative poten- 
tial by means of the resistors ln and 1 while 
steady positive potentials are applied by meana 
of the potentiometer 1, 1, ls to the second, 
:o tlird and fffth grids, condensers C and C being 
employed for de-coupling purposes. 
The start puise is applied to the grid of V by 
the closing of contact BI, the control circuits 
for which will be described subsequently. When 
 BII closes, a positive puise is developed across 
resistor 1 and is fed via capacitor C to the grid 
of V. The circuit SS is thus transposed and V 
is rapidly ruade non-conducting whfle V becomes 
conducting. Assuming that the value of the con- 
3o denser CI is tobe determined, it will be noted 
that in the normal condition of the circuit this 
condenser is charged substantially to a potential 
between earth and the positive supply. When 
V becomes conducting however, the voltage of 
35 the anode drops and a negative-going puise is fed 
to the grid oï V to cut off V. The diode V now 
ceases to conduct and the condenser discharges 
throuh the resistance 1. The circuit will 
remain in this condition until the voltage at the 
40 point OE approaches earth when conduction will 
again begin in the valve V and due fo the feed- 
back path the circuit will rapidly revert fo its 
normal condition. 
When the valve V ceases to conduct after the 
,_ ïeception oï the start signal, ifs anode voltage 
» wilI rise and consequently the potential applied 
to the ïourth grid of the gare valve V will become 
positive with respect fo the cathode. Lmpulses 
from the impulse source will thus pass through 
the anode ioad 1 and are fed via the condenser 
50 
C to the counting circuit. When the circuit SS 
reverts fo ifs normal condition, however, the 
ïourth grid of the valve V4 wfll again become 
negative with respect to the cathode and cut off 
._ the impulses from the anode circuit. 
o With regard to the generation of the start 
puise, this is provided by a circuit which en- 
ables repetitive measurements to be effected 
automatically and consists of an interrupter cir- 
cuit composing relays GI and AR. lelay GI 
60 
may, ïor instance, consist of a type of relay 
known as a galvanometer relay having a pair 
of cobalt steel magnets forming an astatic com- 
bination, one of the magnets being almost com- 
(5 pletely enclosed by a pair of deflection coils. The 
periodic time of oscillation of the magnets is 
controlled by a spiral hair spring and a robust 
silver contact GI is arranged fo close at the 
end of the return swing, the hair spring being 
7O selected so that the galvanometer relay delivers 
one puise every two seconds. The closure of 
contacts GR closes the circuit for relay AR 
which af contacts AR completes the circuit or 
the colis of the galvanometer relay in order to 
75 maintain the oscillation. Relay A.R in operatln 
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in addition at contact Al2 connects a resistance 
earth instead of direct earth to the cathode 
circuit of the normally non-conducting valves 
of the counting circuit thus restoring any of 
these valves which may be conducting and set- 
ring the count fo zero. When relay A releases, 
relay BI operates and as explained above, af 
contact BP provides the start pulse for the 
circuit SS. This operation proceeds continuously, 
a test taking place at each operation of relay 
BI so that repetitive testing is possible. In 
eration the voltage supply is lïrst switched on and 
the key KA is momentarily operated to cause 
the initial operation of relay GlU. Aïter this op- 
eration relays GI,  and BI interact con- 
tinuously and a condenser such as C1 may be 
connected between appropriate terminals on the 
front panel af any rime and repetitive readings 
of the value of the condenser will continue to 
be given as long as the condenser is connected 
to the terminals. 
The arrangement shown in schematic form in 
lig. 3 aloEd in detail in Fig. 4 provides an indica- 
tion as fo whether the value of the comportent 
approximates fo the nominal value within pre- 
determined limits. Suppose for instance, that 
a number of condensers are manuïactured hav- 
ing a nominal capacitance of Cn. If the constant 
of proportionality K1 reïerred to previously is 
marie equal fo 10Cn and a 1 kc./s, pulse source 
is used, a capacitance of exactly Ch Will indicate 
109 rime units while the courir on any other 
comportent will indicate directly its relationship 
to the nominal value. For production testing 
it is usually sufficient fo indicate whether the 
deviation exceeds a specilïed value. For instance, 
a common tolerance is 10% i. e. for a nominal 
value of 10 rime units the unknown capacitance 
must register more than 9 and less than 11. 
In the arrangement shown in Fig. 3 six scale- 
of-two circuits are interconnected to form a 
twelve point cyclic counter $1. This is driven 
continuously flore a suitable pulse source and 
in the zero position, a start pulse is applied to 
the test multivibrator SSA which iS the saine 
as the corresponding circuit shown in Fig. 2. 
This start impulse causes the multivibrator SSA 
t0 be transposed and a negative-going pulse 
applied fo the inner control grid of the gare 
valve of the gare circuit G which is again similar 
fo tht shown in Fig. 2. This negative-going 
pulse is, however, without effect since the gare 
valve is already cut-off on the inner grid. The 
9th and l lth pulses from the counter $I are 
applied fo a so-called "toggle" circuit S which 
is simply a circuit having tow stable states of 
equilibrium. The circuit S controls the opening 
and closing of the gare circuit and the arrange 
ment is such that the gare is opened on the 9th 
and closed on the llth pulse. 
If now the test multivibrator SSA reverts to 
ifs normal condition while the gate circuit is 
opened, that -s fo say, between the 9th and llth 
pulses, a negative-going pulse will be developed 
in the anode circuit of the gare valve V4 and 
this v¢ill be applied fo a second multi-vibrator 
SS which is again similar fo the test multi- 
vibrator and which acts as a pulse-lengthener. 
The transposition of the pulse-lengthener due 
to the negative-going puise causes the neon tube 
associated with the pulse-lengthening circuit to 
flash thereby indicating that the condenser bas 
a value within the stated limits. It will be 
understood that if the test multivibrator 
reverts fo ifs normal condition before the 9th 

or after the llth pulse, no pulse wlll be developed 
in 'the anode circuit of the gare valve and the 
neon tube will hot flash. 
Referring now fo the detailed circuit shown 
5 in Fig. 4, the toggte circuit $1 consists of two 
cross-connected valves V20 and V each having 
an anode load R0 and R» and feed-back cir- 
cuits from the anode of V0 via RI, C and 
R fo the grid of Ve and from the .anode of VI 
10 via R, C and 14 fo the grid of V0, the 
resistances R and :26 being connected to the 
negative terminal of the supply voltage via re- 
sistances P22 and R. The values of the various 
resistances in the toggle circuit are such that 
15 the circuit is negatively polarised. The cyclic 
counter Se is not shown in detail since the cir- 
cuit is well known and similarly the .pulse source 
ïor driving the counter is hot shown. 
In the normal condition of the test multivi- 
2 brator, valve V will be conducting and V will 
be non-conducting. The zero negatve-going 
pulse from the counter is applied to the grid o 
Ve which transposes the condition of the multi- 
vibrator so that V22 conducts and a negative-go- 
2 ing pulse is developed across the anode load. 
This is without effect on the inner grid of the gare 
valve V since this grid is already biased to cut- 
off. n the toggle circuit S, the normal condi- 
tion is with the valve V20 non-conducting and 
 the valve Vn conducting. The potential af the 
point A is, therefore, low and hence the fourth 
grid of the gare valve V is biased negatively with 
respect fo the cathode. The 9th puise ïrom the 
cyclic counter is applied via C to the grid of V 
5 whereby the condition of the circuit is transposed 
and V21 now becones non-conducting. The volt- 
age t the point A, therefore, rises and the poten- 
tial of the fourth control grid of the gare valve V 
becomes positive with respect to the cathode and 
40 the gare is opened. The llth impulse ïrom the 
counter is applied via C to the control grid o 
V0 and causes the circuit S fo revert fo 
normal condition and the potential of the îotu'th 
grid now becomes negative with respect fo the 
45 cathode and the gate is closed. 
The rime taken for the test multivibrator SSA 
t0 revert fo its original condition will be deter- 
mined by the value of the condenser C under 
test and if this reversion takes place between the 
50 9th and llth puise, indicating that the value of 
the condenser is within the specilïed limits, then 
a positive-going pulse will be developed in the 
anode circuit oï V and will be applied fo the 
inner grid of the gare valve V ata rime when 
5 the gare is open. A negative-going pulse will be 
developed in the anode circuit of the gare valve 
and this will be fed via the condenser C fo the 
control grid of the valve V2. The normal con- 
dition of the pulse lengthening circuit is for V 
6 tobe conducting and V» fo be non-conducting 
so that there is hot sufficient potential across the 
neon tube NT to cause it fo flash. The pulse 
obtained from the anode of the valve V will be 
negative-going and will transpose the puise 
6 lengthening circuit so that V2» now conducts and 
the voltage at the point A will ïall fo such an 
extent that the neon tube will flash. If will be 
understood that the neon tube will only remain 
lighted for the rime taken for the pulse lengthen- 
70 ing circuit to revert to ifs normal condition and 
this duration is suitably selected so that the 
lighting of the neon tube is easily visible. 
It will be understood that the circuit will 
erate continuously so that if desired, a hum- 
75 ber of tests may be marie on each comportent. 
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Once the high tension supply is cormected fo the 
circuit the only operation necessary to effect t.he 
test is to connect the condensers one by one to 
the terminals 2 and 22. Thus the whole equip- 
ment may be controlled by a single switch for 
connecting up the H. T. supply and a pair of 
terminals wfll be provided on the panel of the 
instrument to which the component under test 
is connected. 
The circuit shown in Figs. 5 and 6 is a rene- 
ment of that shown in Figs. 3 and 4 in that if the 
value of the component is hot within the speci- 
fied limits, an indication is given as to whether 
itis below or above such limit. Referring first 
to Fig. 5, the equipment comprises three multi- 
vibrators SSN, SSo and ,SSP of which the multi- 
vibrator SSo includes the component under test. 
The other two multivibrators include fixed con- 
densers and provide two rime periods, a mini- 
mum TN and a maximum TP. The actual rime 
To corresponding to the nominal value of the 
capacitor is immaterial but is convenientty taken 
fo be about 0.4 second, correspondfl]g to a 
l»f. condenser associated with a 100 k. ohms 
resistance. Part of the resistance in the timing 
circuit of the muttivibrator SSN is made variable 
and a similar variable is employed in the timing 
circuit of the muitivibrator SSP. Over the range 
covered, time is tinear with resistance so that 
the scales of the variables can be calibrated di- 
rectly in percentage decrease or increase on To. 
The resistance associated with the multivibrator 
SSo can be set so that the nominal capacitance 
of the unknown condenser corresponds to a re- 
lease time of To. For a condenser within the 
specified limits, TN<To<TP so that if the three 
multivibrators are set in operation simultane- 
ous!y, they will revert in the order SSN, SSo, 
The order in which they actually revert is indi- 
cated by the three toggle circuits St^, StB and 
Stc. In the normal condition of these circuit 
the neon tubes NTA, ITB and NTC are ex- 
tinguished. If the multivibrator SSN reverts to 
ifs normal condition before the multivibrator 
SSo, a puise is fed from SSN to St^ to cause the 
neon tube NTA to glow. Then when the multi- 
vibrator SSo reverts, the tube NTA is extin- 
guished and a negative pulse is fed frein StA t0 
SB t0 cause the neon tube NTB to gIow. 
Finally when the multivibrator SSP reverts, the 
neon tube NTB is extinguished and a negative 
puise is fed to S{c to cause the neon tube NTC 
o glow. ïhen the test has been completed, the 
neon tube NTC is extinguished and a second start 
signal is given by relay equipment similar to that 
shown in Fig. 2. 
if howeveï, the multivibrator SSo reverts be- 
lote the muItivibrator SSN, the pulse appIied to 
S. by SSo will be without effect while that sub- 
sequentIy applied by SSN wiII cause the neon tube 
NTA to gIow but neither the neon tube NTB nor 
NTC wili gIow since no pulse is passed on from 
S!A t0 Sl' or SIB t0 Sic. Further the reversion 
of SSP  without mffect, so that the tube NTA 
continues to gIow. Again if the muItivibrator 
SSo reverts after both the multivibrators SSN and 
SSp the neon tube NTA wilI glow when SSN 
reverts and wiI1 be extinguished when SSo 
reverts and a puise wilI be fed over StA t0 StB t0 
cause the neon tube NTB to glow. This tube wiIl, 
however, gIow after the normal extinguishing 
puise bas been fed thereto by the muItivibrator 
SSP and consequentIy no puise wfll be fed to Stc. 
In this condition, therefore, the neon tube NTB 
remains lighted. 
Thus ff the condenser is within the specified 
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limits, the neon tube NTC remains lighted whfle 
if the value is less than the lower limit the neon 
tube I, YrA remains lighted, and if itis greater 
than the maximum limit the neon tube NTB re- 
5 mains lighted. 
leferring now to Fig. 6 which shows the cir- 
cuits in detail, the multivibrators SS, SSo and 
SSP are similar to the multivibrator SS shown in 
Fig. 2 while the teggle circuits S{A, StB and 
I0 are similar to the toggle circuit St shown in Fig. 
4, and are also arranged to respond only to nega- 
tive-going impulses, the negative bias applied to 
the control grids being suflïciently large to pre- 
vent triggering by any of the positive-going im- 
15 pulses applied thereto. 
The condenser under test is connected between 
terminals  { and 2 in the multivibrator SSo and 
it will be understood that the normal condition 
of the multivibrators is with the valves V, V 
20 and V4 conducting. As regards the teggle cir- 
cuits the normal condition is with the valves 
V, V and Vs conducting. 
A start pulse is applied fo the three multivibra- 
tors in parallel by the oloeration of relay 
25 This start puise wiIl be positive-going and is ap- 
plied to the grids of the non-conducting valves 
Vz, V and Vo. The three muItivibrators are 
transposed substantialty simultaneously and con- 
sequently positive-going puises wfll be developed 
,0 af the points Ae. These Positive-going pulses wflI 
be applied fo the toggle circuits StA and StB but 
as previousIy pointed out, they will be without 
effect as the toggle circuits are polarised to re- 
spond only to negative puises. Assuming first 
,5 that the condenser under test is within the spe- 
cified limits, then the muItivibrator SSN will be 
the first to revert to normal. When this takes 
place, the valve V becomes conducting and a 
negative-going puise is fed from the anode of 
4ç, V via condenser Co to the grid of valve V 
which it will be remembered is conducting. This 
puise, therefore, cause the toggle circuit to be 
transposed so that the anode voltage of V in- 
creases and that of Vo decreases. The increase 
in anode voltage of V is without effect on the 
«5 toggIe circuit StB while the decrease of anode 
voltage of Vzo causes a potentiaI difference tobe 
deveIoped across the neon tube NTA which there- 
upon glows. 
The circuit remains in this condition until the 
5 multivibrator SSo reverts to normal when a nega- 
tive-going Puise from the anode of V is appIied 
via the condenser C to the grid of Vo. This 
causes the toggIe circuit St^ to revert to its 
original condition whereby the neon tube NTA is 
55 extinguished and a negative-going puise is fed 
from the anode of V via condenser C to the 
grid of V of the toggle StB. The toggle StB is 
thereby transposed and the neon tube NTB gIows 
in a similar manner to that described for the 
0 toggle circuit St. The circuit remains in this 
condition until the multivibrator SSP reverts to 
normal when a negative-going puise from the 
anode of V4 is fed via condenser C to the grid 
of Ve thereby causing the neon tube NTB tobe 
5 extinguished and a negative-going puise fo be fed 
from the anode of Vz via condenser C to the 
grid of the valve V of the toggle circuit Sc. 
This toggIe circuit is consequentIy transposed 
70 and the neon tube NTC is lighted. The circuit re- 
mains in this condition until relay tAR is again 
operated when resistance earth is connected in 
place of direct earth to the cathodes of the valves 
Vo, V and V thus causing any operated toggle 
?$ circuit tobe restored to normal. 
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If wfll now be assumed that the value of the 
condenser under tes is below the lower of the 
specified limits. In this case the multivibrator 
SSo will revert .fo normal belote the multivibra- 
tor SSN. When the multivibrator SSo reverts, a 
negative pulse will be applied via condenser 
to the grid of V30 but will be without effect since 
this valve is non-conducting at this rime, The 
negative-going puise subsequent!y obtained from 
the multivibrator SSN wi!l be applied via con- l0 
denser C,0 to the grid of valve V31 and will cause 
the togg]e circuit SIA to be transposed as pre- 
viously described. The neon tube NTA is, there- 
fore, lighted and remains lighted since the pulse 
which would normally cause its extinction bas 15 
alrea.dy been received and bas been without ef- 
fect. Further when the muitivibrator SSP reverts 
to normal a negative pulse will be applied via 
condenser C fo the grid of V2 and this again 
wil] be without effect since the V2 is non-con- 20 
ducting at this rime. The neon tube NTA, there- 
fore, remains lighted until the resetting puise is 
provided on the operation of relay JAR. 
If the value of the condenser under test is 
above the upper specified limit, the multivibra- 25 
for SS wfll first revert and cause the lighting 
of the tube NTA as priviously discribed. In this 
case the second multivibrator fo revert wfll be 
SSP whereupon a negative-going impulse is 
plied via C3 to the grid of V. This will be with- 30 
out effect since the valve V is non-conducting 
af this time. When the multivibrator SSo final- 
ly reverts, the neon tube NTA will be extinguished 
and a negative-going puise will be fed from 
via C fo the grid of V3 and the circuit S will 35 
be transposed to cause the lighting of the neon 
tube NTB and this tube will remain lighted untfl 
the resetting puise is obtained by the operation 
of relay {A. 
With regard fo the generation of the start and 
resetting puises, the arrangement of relays At, 
BI and JGt are the same as that shown in Fig. 
2 and are set in operation by the momentary de- 
pression of key KB. Contact BI! provides the 
positive-going start pulse whfle contact At2 5 
causes the reversion of any operated toggle cir- 
cuits as described above. 
I claim: 
1. Circuit arrangements for indicating the 
values of resistors and capacitors comprising a 50 
time constant circuit including a resistor and a 
capacitor combination of whiih one element is 
the comportent to be measured, means for charg- 
ing and discharging said capacitor, a gare cir- 
cuit, an impulse source feeding said gate circuit, 55 
an electronic counter, a fiip-fiop circuit means for 
controlling the opening of said gate circuit in a 
change from a stable to an unstable condition fo 
enable pulses from said source to operate said 
counter and means including the comportent fo 60 
be tested for returning the fiip-fiop circuit fo a 
stable condition after a time period proportional 
to the magnitude of the comportent for con- 
trolling thereby the closing of said gate circuit 
in response fo a voltage change across the caPaci-  
for element of the rime constant circuit. 
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2. Circuit arrangements for indicating the 
values of resistors and capacitors comprising a 
sing!e-shot muitivibrator, a capacitor connected 
between the anode of the normally non-conduct- 
ing tube and the control grid eî-the normally 
conducting tube, a charging circuit for said 
capacitor effective in the normal condition of said 
multivibrator, a discharging circuit for said ca- 
pacitor, including a resistor, either of said resistor 
and capacitor being the comportent whose value 
is required, a gare circuit, an impulse source feed- 
ing said gate circuit, an electronic counter, 
switching means for changing the condition of 
said multivibrator circuit to render said capaci- 
for discharge circuit effective and simuitaneously 
fo open said gare circuit to enable puises from 
said source fo operate said counter and means 
for restoring said multivibrator circuit to its 
initial condition when the voltage across said 
condenser reaches a predetermined value fo close 
said gare circuit. 
3. Circuit arrangements for indicating the 
values of resistors and capacitors comprising a 
relaxation circuit having a stabIe and an un- 
stable condition and including a pair of therm- 
ionic tubes, a D. C. cormection between the anode 
of one tube and the control grid of the second, 
an A. C. cmmection between the anode of the 
second and the control grid of the first, a charge 
circuit for said capacitor effective in the stable 
condition of said relaxation circuit, a discharge 
circuit for said capacitor ]ncluding a resistor, 
either of said capacitor and said resistor forming 
the comportent whose value is required, a third 
thermionic tube having af least a cathode, an 
anode and two control grids, an impulse source 
connected fo an inner control grid, a connection 
between said relaxation circuit and a normally 
negatively biased outer control grid, an electronic 
counter connected to the anode of said third tube, 
relay means for changing said relaxation circuit 
from its stable to ifs unstable condition fo render 
said discharge circuit effective and to apply a 
positive potential fo said outer control grid 
whereby impuises from said source are enabled 
fo operate said counter and means effective when 
the potential across said condenser falls by a 
predetermined amount from its initial value for 
causing said relaxation circuit fo revert to ifs 
stable condition and for replacing said negative 
bias on said outer control grid. 
GEOIGE THOMAS BAKEI. 
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